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EXPERIMENTAL INVESTIGATION OF JET- INDUCED LOADS 


ON A FLAT PLATE IN HOVER OUT-OF-GROUND EFFECT 

By 

John M. Kuhlman and Ronald W. Warcup 
Old Dominion University 


SUMMARY 

Effects of varying jet decay rate on jet-induced loads on a flat 
plate located in the plane of the jet exit perpendicular to the jet axis 
have been investigated using a small-scale laboratory facility. Jet decay 
rate has been varied through use of two cylindrical centerbodies having 
either a flat or hemispherical tip, which were submerged various distances 
below the flat plate- jet exit plane. Increased jet decay rate, caused 
by the presence of a centerbody or plug in the jet nozzle, led to an in- 
creased jet-induced lift loss on the flat plate. Jet-induced lift losses 
reached 1 percent of the jet thrust for the quickest jet decay rates for 
plate areas equal to 100 times the effective jet exit area. The observed 
lift loss versus jet decay rate trend agreed well with results of previous 
investigations . 


INTRODUCTION 

Accurate prediction of jet-induced loads on a jet VTOL aircraft under 
a variety of flight conditions is quite important in achieving aircraft 
design performance goals. Many previous studies have indicated quite a 
range of possible loadings, depending upon jet nozzle geometry or the num- 
ber of jet nozzles (refs. 1-4) or jet decay rate (refs. 5,6). Gentry and 
Margason (ref. 5) found that the jet-induced lift loss increased as the jet 
decay rate increased for a single jet in hover issuing perpendicular to a 
circular flat plate. However, Kuhlman et al. (refs. 6-8) found an opposite 
trend for a similar jet subjected to a crossflow. That is, as jet decay rate 
was increased for a jet in a crossflow, results indicated that the jet- 
induced lift loss decreased for a fixed ratio of jet-to-crossflow velocities. 



Therefore, the current study was undertaken using essentially the same 
experimental apparatus of references 6 through 8 to determine if these hard- 
ware produce hover lift-induced effects consistent with the hover results 
of Gentry and Margason. 


SYMBOLS 

Results are presented in nondimensional coefficient form, or, where 
appropriate, in both SI Units and U. S. Customary Units. Data has generally 
been taken and calculations made in U. S. Customary Units. 

A area on the flat plate, m^ (ft^) 

effective jet exit area, m^ (ft^); see equation (3) 
effective jet exit diameter, m (ft); 

nominal jet exit diameter (jet orifice diameter), m (ft) 

AL jet-induced lift loss, N (lb) 

• 

m jet mass flow rate, kg/sec (slug/sec) 

p static pressure, N/m^ (Ib/ft^) 

p^ jet exit static pressure, N/m^ (Ib/ft^) 

Q volume flow rate, n^/sec (CFM) 

q dynamic pressure, N/m^ (Ib/ft^) 

^max maximum exit plane dynamic pressure, N/m^ (Ib/ft^) 

R gas constant, Joule/kg-K (ft-lb/slug-R) 

r radius , m (ft) 

T jet thrust, N (lb) 

jet exit static temperature, K (R) 

effective jet exit velocity, m/s (ft/s); see equation (4) 

X coordinate along longer dimension of plate, origin at center 

of jet orifice, m (ft) 

y coordinate along shorter dimension of plate, origin at center 

of jet orifice, m (ft) 
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z 


coordinate perpendicular to plate, origin at center of 
jet orifice, m (ft) 

Y ratio of specific heats 

p density, Icg/m^ (slug/ft^) 

Subscripts : 

e effective; exit 

max maximum 

n nominal 


APPARATUS 

The work reported herein was performed using the same flat plate, nozzle 
and transducers used in references 6, 7, and 8. The flat plate was made 
from hard board sheet 0,905-m (36-D^) wide by 1.22-m (48-D^) long. The plate 
was 1.90-cm (0.75-in.) thick, fitted with a round leading edge and a tapered 
trailing edge. For this study, the plate was mounted between two laboratory 
tables 0.80 m (2.63 ft) from the floor. A view of the flat plate used in this 
work appears in figure 1. The 1.45-m (4.75-ft) diameter by 0.91-m (3-ft) 
high circular screen of mesh size 1 . 6 mm (0.063 in.) \%as placed s>mimetrical ly 
around the plate to damp out disturbances in the entrained jet flow due to 
room pressure variations caused by the opening or closing of building doors. 
The laboratory ceiling was 4.3 m (14 ft) above the plane of the flat plate. 

The plate was fitted with 226 static pressure taps located on rays emanating 
from the jet office center as shown in figure 2. These pressure ports were 
made from 0.61-mm diameter stainless steel tubing. Distances from the nozzle 
centerline to the various pressure tap locations are listed in table Cl 
(Appendix C) . The plate surface was smoothed and filled with epoxy, resulting 
in the removal of an elliptical low region in the plate around the jet, which 
was created by continual polishing and smoothing of the plate during previous 
studies (refs. 6-8). This was necessary to insure a symmetrical pressure 
distribution on the plate surface. 
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The jet exited perpendicular to the plate through a circular orifice 
2.54 cm (1.0 in.) in diameter. The nozzle center was located 0.6 m (2 ft) 
from the rounded edge of the plate halfway across the 0.915-m dimension of the 
plate. The air jet issued from a 0.14-m (0.466-ft) diameter plenum chamber 
supplied by an air compressor through a smoothly contoured 30:1 area ratio 
contraction nozzle. A sectional view of the plenum and nozzle is shown in 
figure 3. Jet mass flow rate was measured with a turbine type flowmeter 
and held constant to within ±0.2 percent during any one run using an electronic 
feedback control. The only difference between the current apparatus and that 
used in references 6 to 8 was a machined nozzle exit, fitted to the original 
nozzle, which was longer than the original nozzle. 

Also shown in figure 3 is one of the two centerbodies, or plugs, used 
to vary the jet exit plane dynamic pressure profiles, and hence jet decay 
rate. The centerbody shown is cylindrical with a diameter of 1.9 cm (0.75 in, 
or 0.75 D^) , fitted with a hemispherical tip pointed in the jet flow direction. 
This centerbody is referred to as a round-ended plug in this report. A 
second centerbody or plug of the same diameter having a flat end has also been 
used in some data runs. Jet decay rate has been altered by varying the sub- 
mergence depth of the tips of these plugs beneath the jet exit-flat plate 
plane. 

The plate surface static pressure ports were connected by plastic tubing 
and four scanning valves to a single capacitance type pressure transducer, 
digital electronic manometer, and chart recorder. Pressure transducers were 
calibrated using a dead weight tester. 

A two degrees of freedom traverse fitted with a 1.6-mm (0.0625-in. ) diam- 
eter pitot static probe was clamped to a corner of the flat plate to measure 
jet dynamic pressures. Temperatures of the jet and ambient air were monitored 
by 0.25-mm diameter cromel alumel thermocouples. Room air temperature was 
nominally 294 K (530 R) , with jet exit temperatures nominally within 1 K (2 R) 
of the ambient temperature. 


EXPERIMENTAL PROCEDURE 


The jet nozzle and plenum were physically aligned to be at right angles 
to the plate and were then rigidly mounted to the plate. This insured axial 
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symmetry of the jet-induced plate static pressure distribution for a jet 
configuration with no centerbody. For nozzle configurations with a centerbody, 
the centerbody was first aligned mechanically with respect to the flat plate and 
nozzle, and then if necessary adjusted slightly to yield both a symmetrical 
jet exit plane dynamic pressure distribution and a symmetrical plate surface 
pressure distribution. Jet exit plane dynamic pressure profiles were measured 
using the pitot static probe located 0.25 above the jet exit plane. Air 
flow rates for each nozzle-centerbody configuration were adjusted so that 
maximum jet exit dynamic pressures, were held nearly constant. Maximum 

jet exit Mach number was nominally 0.4, and Reynolds number based on 
and was 2 x 10^. Jet exit dynamic pressure profiles were similar to those 
obtained in references 6, 7, and 8. 

For the various nozzle-centerbody configurations calibrated as described 
above and in Appendix A, the jet centerline dynamic pressure decay was measured 
using the pitot static probe and traverse. Also, for each of these nozzle- 
centerbody configurations, the jet-induced static pressures on the plate sur- 
face were measured using the pressure transducer, manometer, and recorder. 
Pressures were electrically integrated nominally for five seconds, and the 
resulting integrated pressure values were then averaged circumferentially at 
each radial pressure port location. Average pressure values at any radial 
station varied by no more than five percent for all circumferential stations. 

It is believed that much of this variation was the result of slight imperfections 
in the radial locations of some pressure ports and irregularities in the 
plate surface. 

Jet thrust, T, has been calculated through use of the measured exit 
plane dynamic pressure profiles. A procedure somewliat different from, but 
related to that developed by Ziegler and Wooler (ref. 4) and used by the authors 
in references 6, 7, and 8, was used in this study. Previously, a jet thrust, T, 
was calculated from integration of the jet exit plane dynamic pressure profiles, 
and T was used to calulate an effective jet exit dynamic pressure from 



5 



In this study the maximum observed exit plane dynamic pressure, 
was used to estimate the jet thrust, T, from equation (1). Solving for T 
gives 



( 2 ) 


This calculated thrust has been used to nondimensionalize all measured 
lift losses, AL. The effective jet area used 1:o calculate the reference 
length, D^, used to nondimensionalize all distances, has been calculated 
by 


A = T/(2q ). 

e ^ ^max^ 


(3) 


It IS estimated that this procedure gives results which lie within 10 percent 
of those obtained using the earlier procedure of references 6 through 8. 
Differences are due to inaccuracies in the measured q distributions near the 
jet exit near the nozzle or centerbody wall, as discussed in reference 7. 

It IS believed that the q distributions have been greatly altered due to a 
blockage effect of the probe which is particularly noticeable for the flat 
plug flush configuration. Also, the measured q distributions have been 
smeared or averaged radially by the pitot static probe, whose diameter was one- 
half the annular gap between the nozzle and centerbody. All data for the 
various nozzle-centerbody configurations have been obtained holding the 
effective jet exit velocity, \^, fixed uhere 


V 

e 


m 


P A 
e e 


C4) 


and m has been measured with a turbine flouTneter. The data-reduction proce- 
dure used in this study was adopted because it yields results which are more 
self-consistent than those found by the earlier method (refs. 6-8). For 
example, the value of A^ calculated using this procedure from equations (2) 
and (3) for the flat-ended plug flush configuration is very close to the 
actual physical exit area. However, use of equations (1) and (3), as in the 
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earlier references, for this configuration would result in a value of 
25 percent larger than the actual area. 


RESULTS 


Jet dynamic pressure decay data and jet-induced pressure distribution 
data have been obtained for the following jet-in-hover, nozzle-centerbody- 
plate configurations: 


(1) no centerbody; 

(2) hemispherical-tipped centerbody flush with 
jet exit plane; 

(3) hemispherical-tipped centerbody submerged 1.0 D 

below jet exit plane; ” 

(4) hemispherical-tipped centerbody submerged 0.5 D 
below jet exit plane; 

(5) flat-ended centerbody flush with jet exit plane; 

(6) flat-ended centerbody submerged 0.375 D below 
jet exit plane; 

(7) flat-ended centerbody submerged 0.875 D 

below jet exit plane; and ^ 

(8) flat-ended centerbody submerged 1.375 D 

below jet exit plane. ^ 


These centerbody shapes and locations are the same as those studied in 
references 6 through 8. Results are presented in the following figures: 


Data Figure 

Integrated jet-induced loads for round-plug and 

no-plug configurations 4 

Jet dynamic pressure decay for round-plug and 

no-plug configurations 5 

Integrated jet-induced loads for flat-plug and 

no-plug configurations 6 

Jet dynamic pressure decay for flat-plug and 

no-plug configurations 7 

Comparisons of current results with those of 

reference 5 8,9 

Logarithmic jet decay data plots 10,11 



The measured jet exit plane dynamic pressure profiles are displayed in 
Appendix A. Table A1 gives the nozzle calibration data for all configurations 
tested. Tabulated jet decay data for all configurations appears in Appendix 
B, and tables of plate surface pressures for all jet nozzle configurations 
tested are given in Appendix C. 

DISCUSSION OF RESULTS 

As shown in figures 4 and 6, the presence and location of the center- 
bodies greatly altered the magnitudes of the jet- induced loads. Figures 
5 and 7 show that the jet dynamic pressure decay rates were also altered by 
the two centerbodies. 

Comparison of figures 4 and 5 reveals that there was nearly a one-to-one 
correspondence or ranking between the round-ended plug configurations having 
both quicker jet decay rates and larger nondimensional integrated loads, 

AL/T. Jet decay rates have been compared based on the q(z) data for z ^ 5, 

The round plug flush configuration had a quicker jet decay rate than the no- 
plug configuration, and also had a larger nondimensional jet-induced lift 
loss, AL/T. This was followed by the round plug submerged 1,0 below the 
exit plane, with the round plug submerged 0,5 having both the quickest 
jet decav and the largest AL/T values for all round-ended plug configurations. 

Note the crossover of the decay data at z/D - 4 for the 1.0 D and 0.5 D 

e n n 

configurations. 

Study of figures 6 and 7 shows a similar ranking of the various flat- 
ended centerbody configurations. The flat plug submerged 1.375 displayed 
the quickest decay rate, but had a slightly smaller AL/T than the flat plug 
submerged 0.875 configuration. However, these two runs were followed, in 
order of both magnitude of AL/T and decreasing jet decay rate, by the flat 
plug doun 0 575 and the flat plug flush configurations. The decay of the 
flat plug flush case occurred more quickly than for the no-plug configuration, 
and It also had a larger AL/T. 

Thus, all data consistently showed for a single jet in hover that an 
increase in jet decay rate led to a larger nondimensional jet-induced lift loss, 
AL/T. This trend is consistent with the earlier results of Gentry and Margason 
U'ef. 5). 
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While for the flat plug an increase in jet decay rate always corre- 
sponded to the plug tip's being submerged further below the jet exit, very 
little difference was observed in decay rates of the round plug submerged 
1.0 or 0.5 configurations. 

The observed trend of increased AL/T for an increased jet decay rate 
for jets in hover was opposite to the results of references 6, 7, and 8 for 
a jet in a uniform crossflow. Using nearly the same apparatus as that used 
in this study, it was found during the earlier work that quicker jet decay 
rates for a jet in a crossflow led to a decrease in AL/T. 

Lift losses for a jet in a crossflow were on the order of 50 times larger, 
relative to the jet thrust, than corresponding AL/T values found in this 
study for the hover case. These larger lift losses would be offset by 
aerodynamic lift or proper configuring of an actual jet_ VTOL aircraft. Lift 
losses in hover, on the other hand, could only be compensated for by installa- 
tion of a larger engine. These lift losses in hover can have a significant 
effect on the performance of an actual jet VTOL configuration, as discussed 
in reference 9. 

Explanation of the two opposite trends may be achieved by consideration 
of the different physical mechanisms governing jet development. For a jet 
in hover, the jet decay is determined solely by turbulent mixing of the 
jet with the ambient fluid, resulting in entrainment of the ambient into the 
jet. The resulting inflow velocities, which increase as the jet axis is 
approached, cause the low-pressure region on the plate around the jet. Hence, 
in hover quicker jet decay, corresponding to better turbulent mixing, leads 
to increased entrained inflow and an increased lift loss. 

However, for a similar jet configuration in a crossflow, there are two 
other mechanisms governing the jet-induced loading on the plate. First, the 
jet acts somewhat like a solid obstruction to the crossflow, causing a small 
positive pressure region on the plate ahead of the jet (refs. 6, 8, 10, and 
11). This positive pressure region increases as the crossflow velocity in- 
creases. Second, and most importantly, the crossflow jet flow field is dominated 

V 

by a contrarotating vortex pair located somewhat above the jet centerline, 
which is formed as the crossflow flows around the jet, as documented by Kamotani 
and Greber in reference 12. It is this organized vortex pair which dominates 
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jet entrainment, and hence jet-induced loads, for a jet in a crossflow. Ref- 
erences 6 and 8 further concluded that the presence of a centerbody in the 
jet nozzle, while leading to quicker jet centerline dynamic pressure decay, 
lead also to a weakening of the vortex pair, and hence to a decreased AL/T. 

In figures 8 and 9 the current results are compared with results of 
reference 5 using a different apparatus. Although the apparatus used was 
different, the resulting lift loss and decay rate trends agree well with 
results from this study. Lift losses for a jet in hover are at most 1 
percent of jet thrust for a plate area equal to 100 jet exit areas. In figures 
10 and 11, the current decay data have been replotted on logarithmic axes. 

It is seen that all jet decay rates have been altered largely by changing the 
length of the flow establishment region near the jet exit. 

CONCLUSIONS 

The jet centerline dynamic pressure decay rate and jet-induced load data 
derived in this study for a single jet issuing at right angles to a flat 
plate into still air (hover case) have shoun that: 

(1) The presence of a centerbody in the jet nozzle and 
plenum leads to nonuniform jet exit plane dynamic 
pressure profiles and alters the jet centerline 
dynamic pressure decay rate; 

(2) More rapid jet dynamic pressure decay corresponds to a 
larger jet-induced lift loss on the flat plate, consistent 
\Nith results of Gentry and Margason (ref. 5), and 

(3) These jet-induced lift losses are typically on the order 
of 1 percent of the jet thrust for a plate area equal to 
100 times the jet exit area 
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Figure 4. Nondimensional lift loss, AL/T, for round-tipped plug 
configurations in hover compared with unplugged jet. 
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Figure 5. 
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Figure 6. Nondimensional lift loss, AL/T, for flat-tipped 
plug configurations in hover compared with un- 
plugged jet. 
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Figure 8. Comparison of induced lift loss for jet in 
hover with results of reference 5. 
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Figure 9. Comparison of dynamic pressure decay for jet 
in hover with results of reference 5. 
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APPENDIX A 


NOZZLE CALIBRATION DATA FOR JET IN HOVER 


Nozzles used in the current work have been calibrated near the jet 
exit (at an elevation of 0.25 times the jet orifice diameter, D^, above the 
exit plane) using the following procedure: 

1. Record barometric pressure, nozzle exit pressure and 
exit temperature and jet flow rate. 

2. Traverse 0.25 D^^ above nozzle exit plane across jet 
exit and record q versus r. Check for syinmetry 
and adjust centerbody location if necessary. 

3. Measure maximum observed jet exit dynamic pressure 
from q versus r from 2 above. (See figures A1-A7.) 

4. Calculate jet thrust produced by equivalent ideal 
nozzle from the equation 



where (P , T ) are exit plane pressure and temper- 
ature, T is the calculated thrust, m is the jet 
mass flow rate, and y is the specific heat ratio. 

5. Calculate effective jet exit plane velocity V^, and 

effective jet area, A , and diameter, D , from 
•' ’ e e 


A 


e 


T 


2q 

™ax 


(A2) 


V 

e 


liiRT 

e 

P A 


e e 


(A3) 


and 
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Nozzle exit plane total pressure and static pressure profiles are 
shown in figures A1 to A7. Dynamic pressures have been measured as total 
pressure minus static pressure. Nozzle calibration data are tabulated in 
table Al. Note that a q versus r profile has not been recorded 
for the round plug flush nozzle configuration. This was due to large 
unsteady fluctuations of q. To obtain a better measure of the maximum 
exit plane q for this configuration, the q values were electronically 
integrated at various r values, and the maximum observed average q 
has been recorded in table Al. 
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Tabic A1 , Tabulated nozzle calibration for jet in hover. 


Nozzle 

Calibration 

Q 

in^/s (ft^/rain) 

T 

K (R) 

P 

e 

kPa (lb^/ft2) 

q 

’max 

kPa (lb^/ft2) 

m 

kg/s (Ib^/s) 

N 

T 

(Ibf) 

“eff 
m (ft) 

'^eff 

m/s (ft/s) 

No plug 

0 0704 (149.1) 

296 (533) 

101 6 

(2123) 

11.52 (240.7) 

0.0847 (0.1867) 

11.57 

(2.601) 

0 0253 (0.083) 

141 (463) 

Round 

plug flush 

0.0318 (67 43) 

295 (531) 

100.6 

(2102) 

11 30 (236 1) 

0.0383 (0 0844) 

5.20 

(1.169) 

0 0171 (0.0561) 

140 (460) 

Round plug 

050 down 
n 

0 0^78 (80 18) 

296 (533) 

102 4 

(2138) 

11 29 (235 8) 

0.0455 (0.1004) 

6.14 

(1.3805) 

0.0186 (0.061) 

139 (456) 

Round plug 

1 0 D down 
n 

0 0466 (98 75) 

295 (531) 

102 7 

(2144) 

12.78 (266.9) 

0.0561 (0.1236) 

8.00 

(1.799) 

0.0200 (0.0655) 

148 (485) 

Plat plug 
flush 

• 

0.030^ (64 13) 

296 (533) 

100 7 

(2103) 

11 13 (232 5) 

0.0364 (0.080.3) 

4.92 

(1 105) 

0 0168 (0.055) 

139 (457) 

Plat plug 

0 MS D down 
n 

0 0314 (66.44) 

296 (533) 

102 5 

(2140) 

11 82 (246 8) 

0.0377 (0.0832) 

5.20 

(1.169) 

0.0167 (0.0549) 

142 (467) 

1 1 at plug 

0 875 D down 
n 

0 0360 (76 18) 

295 (531) 

101 5 

(2120) 

10.89 (227.5) 

0.0433 (0.0954) 

5.75 

(1.292) 

0.0183 (0.0601) 

137 (449) 

Flat plug 

1.375 0 down 
n 

0.0443 (93 91) 

296 (532) 

101 2 

(2113) 

12 22 (255.2) 

0.0533 (0.1176) 

7 51 

(1.688) 

0 0198 (0.0649) 

146 (478) 


VI 
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Figure A2. Nozzle exit plane dynamic 
pressure profile; round 
ended plug down 0.5 D . 
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Figure A3. Nozzle exit plane dynamic 

pressure profile; round plu; 
down 1 . 0 D . 
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Figure A4. Nozzle exit plane dynamic 
pressure profile; flat 
plug flush. 
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Figure A5. Nozzle exit plane dynamic 
pressure profile; flat 
plug dom 0.575 D . 
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Figure A6. Nozzle exit plane dynamic 

pressure profile; flat plug 
down 0.875 D . 
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Figure A7. Nozzle exit plane dynamic pres 
sure profile; flat plug down 
1.375 D . 



APPENDIX B 


TABULATED JET- IN-HOVER DYNAMIC 


PRESSURE DECAY DATA 



Table Bl. No plug 


s 

q 

^eff 

q 

^max 

0.251 

1.0 

1 

0.994 

2 

0.997 

3 

0.996 

4 

0.997 

5 

0.966 

6 

0.8831 

7 

0.753 

8 

0.633 

9 

0.518 

10 

0.426 

11 

0.357 

12 

0.304 

13 

0.262 

14 

0.23 

15 

0.199 

16 

0.18 

17 

0.153 

18 

0.143 
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Table B2. Round (hemispherical) -tipped plug flush 


_s 

q 

*eff 

^max 

0 

1.0 

1 

0.776 

2 

0.726 

3 

0.678 or. 0.692 

4 

0.656 

5 

0.586 

6 

0.494 

7 

0.405 

8 

0.328 

9 

0.275 

10 

0.227 

11 

0.19 

12 

0.163 

13 

0.141 

14 

0.123 

15 

0.109 

16 

0.099 

17 

0.088 
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Table B3. Round (hemispherical) -tipped plug submerged 0.5 


s 

q 

^eff 

q 

0.341 

1.0 

1.017 

0.729 

2.033 

0.571 

3.05 

0.524 

4.066 

0.422 

5.083 

0.34 

6.099 

0.273 

7.116 

0.22 

8.132 

0.187 

9.149 

0.153 

10.165 

0.131 

11.182 

0.108 

12.199 

0.096 

13.215 

0.086 

14.232 

0.073 

15.248 

0.066 

16. 265 

0.054 
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Table B4. Round (hemispherical) -tipped plug submerged 1.0 D^. 


s 

q 

D 

eff 

q 

^max 

0.318 

1.0 

1.028 

0.648 

2.056 

0.482 

3.084 

0.451 

4.112 

0.42 

5.141 

0.368 

6,169 

0.313 

7.197 

0.263 

8.225 

0.222 

9.253 

0.188 

10.281 

0.16 

11.309 

0.139 

12.337 

0.122 

13.365 

0.106 

14.394 

0.092 

15.422 

0.084 

16.45 

0.073 


0 / 



Table B5. Flat-tipped plug flush 


s 

q 

^eff 

q 

^max 

0.379 

1.0 

0.952 

0.934 

1.903 

0.78 

2.86 

0.743 

3.806 

0.713 

4.758 

0.688 

5.709 

0.607 

6.661 

0.502 

7.612 

0.419 

8.564 

0.336 

9.515 

0.283 

10.467 

0.233 

11.418 

0.2 

12.37 

0.168 

13.321 

0.149 

14.273 

0.129 

15.224 

0.114 

16.176 

0.104 

17.127 

0.093 
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Table B6. Flat- tipped plug submerged 0.375 D^. 


s 

q 

D 

eff 

q 

^max 

0.379 

1.0 

1.003 

0.828 

2.006 

0.783 

3.009 

0.689 

4.012 

0.647 

5.016 

0.577 

6.019 

0.498 

7.022 

0.4135 

8.025 

0.345 

9.028 

0.284 

10.031 

0.239 

11.034 

0.202 

12.037 

0.176 

13.04 

0.151 

14.043 

0.131 

15.047 

0.118 

16.05 

0.106 

17.053 

0.097 
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Table B7. Flat-tipped plug submerged 0.875 D^. 



q 

°e££ 

^max 

0.3466 

1.0 

1.092 

0.777 

2.184 

0.623 

3.276 

0.627 

4.368 

0.556 

5.46 

0.467 

6.552 

0.38 

7.644 

0.316 

8.736 

0.256 

9.829 

0.219 

10.92 

0.179 

12.01 

0.153 

13.105 

0.133 

14.197 

0.122 

15.289 

0.105 

16.381 

0.091 

17.473 

0.082 
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Table B8. Flat-tipped plug submerged 1.375 


s 

q 

eff 

^max 

0.321 

1.0 

1.018 

0.687 

2.035 

0.507 

3.053 

0.445 

4.071 

0.441 

5.088 

0.405 

6.106 

0.356 

7.124 

0.309 

8.141 

0.262 

9.159 

0.228 

10.177 

0.195 

11.195 

0.172 

12.212 

0.147 

13.23 

0.132 

14.248 

0.116 

15.265 

0.105 

16.283 

0.092 
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APPENDIX C 


TABULATED STATIC PRESSURE DATA 


FOR JET IN HOVER 



Table Cl. Flat plate pressure port 
locations. 


Radial Distance 
cm (in.) 


Pressure 
Port No. 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 

22 

23 


1.905 

2.223 

2.540 

3.493 

4.445 

5.398 

6.350 

7.303 

8.255 

9.208 

10.160 

11.430 

12.700 

13.970 

15.240 

16.510 

17.780 

19.050 

20.320 

20.638 

20.955 

21.273 

21.590 


(0.750) 

(0.875) 

( 1 . 000 ) 

(1.375) 
(1.750) 

(2.125) 

(2.500) 
(2.875) 

(3.250) 

(3.625) 

(4.000) 

(4.500) 

(5.000) 

(5.500) 

( 6 . 000 ) 

(6.500) 

(7.000) 

(7.500) 

( 8 . 000 ) 

(8.125) 

(8.250) 

(8.375) 

(8.500) 
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23 

•0,002? 

-0,0027 

-0,0027 

-0,0027 

- 0,0077 

-0.0027 

-0,0027 

-0,0027 

-0,002? 

-0,0022 

-0,002? 

-0,0027 

-0,002? 

-0,0022 

-0.0022 



i.* 


poin 

non-dimensional 

AP(A 

N «M 

M 

LB-FT 

1 

3.6146 

- 0,000000 

• 0,000000 

2 

5.5424 

- 0,000000 

- 0,000000 

3 

10,2241 

- 0,000000 

- 0,000000 

4 

19.3122 

- 0,000000 

• 0,000000 

5 

30,8789 

- 0,000000 

• 0,000000 

6 

44.9242 

- 0,000000 

• 0,000000 

7 

61 ,4480 

- 0.000000 

• 0,000000 

8 

80.4504 

- 0,000000 

• 0,000000 

9 

101 ,9314 

- 0,000000 

- 0,000000 

10 

125,8910 

- 0,000000 

• 0,000000 

11 

147,7507 

- 0,000000 

• 0,000000 

12 

lHh.3063 

- 0.000000 

• 0,000000 

13 

240 , 697 ? 

- 0,000000 

• 0,000000 

14 

289.1672 

- 0,000000 

• 0,000000 


342,0434 

- 0,000000 

• 0,000000 

16 

399.3261 

- 0,000000 

- 0,000000 

17 

46 ! .0151 

- 0,000000 

• 0,000000 

IB 

527,1104 

- 0.000000 

• 0,000000 

1<1 

570.6576 

- 0,000000 

• 0 . 0OO00O 

20 

588.5585 

- 0,000000 

• 0,000000 

?1 

606.7347 

- 0 , 0 0 1 ' 0 0 M 

- 0.000000 

?2 

625.1863 

- 0,000000 

- 0.000000 

23 

643.9133 

- 0.000000 

- 0,000000 


M/tn h l/t 

N LB 

* 0 . 13^1469 

« 0 . 0(^0000 - 0 ,010645 - 0,00239 3 - 0,002047 

- 0,000000 - 0,016116 - 0,003623 - 0,003100 

- 0,000000 - 0 ,021429 - 0,004817 - 0,004122 

- 0,000000 - 0,025538 - 0,005741 - 0,004912 

- 0,000000 - 0,028853 - 0,006486 - 0,005550 

• 0,000000 - 0,031690 - 0,007124 - 0 , 00609b 

- 0,000000 - 0,034279 - 0,007706 - 0,006593 

- 0,000000 - 0,036659 - 0,008241 - 0,007051 

• 0,000000 - 0,038789 - 0,006720 - 0,007461 

- 0,000000 - 0,040425 - 0,009088 - 0.007775 

• 0,000000 - 0,0 42950 - 0,0 09655 - 0 ,008261 

• 0,000000 - 0.046061 - 0,010355 - 0,008859 

• 0.000000 * 0,048159 • 0,010826 - 0,009263 

• 0,000000 - 0,050331 - 0,011314 - 0,009681 

• 0,000000 • 0,052390 • 0,011867 - 0,010154 

• 0,000000 - 0,054716 - 0,012300 * 0,010524 

• 0.000000 * 0,056857 • 0.012782 - 0.010936 

- 0,000000 - 0,057792 - 0,012992 - 0,011116 

• 0.000000 - 0,058149 - 0.013072 - 0,011184 

- 0.000000 - 0.058532 - 0,013158 - 0,011256 

• 0.000000 • 0.058805 - 0.0 13219 - 0,011311 

- 0.059258 - 0,013321 


0,000000 


0,011398 



U1 

cr > 


SET NI-MHFH 


7 


inch NOMTNAI. OIAMUfP NO^^!>fr 


M ATPLATt 


SCUAHt END PLUG OCT 77 

F =•»«•# Pl,Ur. depth = ,375 EEEECTlVt JE-1 DiAHfcTtH = 0.66 CtMEHBODl DiAMtTtH = W.7b 

JET ELOW HA7I * l.flftl CHM ( 66.44 CEM ) EHEE STHEAM VLLCCITY s 0.0 M/S ( 0.0 E /S ) 

JET EEEECTIVE VEI.OCITV = M2. 3 H/S C 466.9 E/S ) JtT tFEtCTIVE TWHUSl a 5.200 N (1.16U9 LB ) 


HON-niMtNSIOMALIZfcn MHfcSSUPfcS 
ANGLF (DEGREES) 


PORT 


10 

20 

30 

45 

60 

75 

90 

105 

120 

136 

ISO 

160 

170 

180 

1 

•0.2156 

-0,2156 

-0.2156 

-0.2156 

-0.2156 

-0,2156 

•0,2156 

-0.2156 

•0,2156 

>0.2156 

-0.2156 

•0.2156 

•0.2166 

-0.2156 

-0.2156 

2 

-0,1490 

-0,1 490 

-0,1490 

-0,1490 

-0,1490 

-0,1490 

-0.1490 

-0,1490 

-0,1490 

•0,1490 

-0,1490 

•0,1490 

•0.1490 

•0.1490 

•0.1490 

3 

-0 , 10HH 

-0,10H0 

-0,1080 

-0, 1080 

-0,10H0 

-0,1080 

•0.1080 

-0. 1080 

•0,10HO 

•0.1080 

-0,1080 

•0,1080 

•0,1080 

-0.1080 

-0.1080 

4 

• 0,0M J 

•0,051 3 

-0.051 3 

-0.0511 

-0,0513 

-0,0513 

.0,0513 

•0,0513 

-0,0513 

•0,0512 

-0,0513 

•0,0513 

•0,0513 

-0.05X3 

-0.0513 

5 

•0.033R 

-0,033« 

•0,0338 

•0.0338 

-0,0338 

•0,0338 

•0,0338 

-0,0338 

•0,0336 

•0,0338 

-0.0338 

•0,0338 

•0.0338 

-0.0JJ8 

-0.0338 

6 

-0,0227 

-0,0227 

-0,0227 

-0,0227 

-0,0227 

•0.0227 

-0,0227 

-0.0227 

•0,0227 

•0.0227 

-0,0227 

•0,0227 

•0,0227 

-0.0227 

-0.0227 

7 

•0,0174 

•0,0174 

•0,0174 

•0.0174 

-0,0174 

•0,0174 

•0.0174 

•0.0174 

•0,0174 

•0.0174 

•0.0174 

•0,0174 

-0.0174 

•0.0174 

•0.0174 

R 

•0,01 30 

•0,0130 

-0,0130 

•0,0130 

•0,0130 

•0,01 30 

-0,0130 

•0.0130 

•0,0130 

•0,0130 

-0,0130 

•0,0130 

•0,0130 

•0.0130 

-0.0130 

9 

•0,01 15 

• 0,01 IS 

•0,0115 

-0,0115 

•0,0115 

•0.0115 

-0,0115 

-0.0115 

•0,0115 

•0.0115 

-0,011s 

-0.0115 

•0,0115 

•0.0115 

-0.0115 

IP 

•0.00R0 

-0,0080 

-O.00R0 

-0,0080 

•0.0080 

-0.0080 

-0.0080 

•0.0080 

•0,0080 

-0.0080 

•0.0080 

•0.0080 

•0,0080 

•0.0080 

•0.0080 

1 1 

-0 ,P0b6 

-0,0066 

-0.0066 

-0,0066 

•0,0066 

-0,0066 

•0,0066 

-0,0066 

•0,0066 

•0.0066 

•0,0066 

•0,0066 

•0,0066 

•0.006b 

-0.0066 

12 

•0,0056 

-0,E 056 

-0,0OS6 

-0.0056 

•0,0056 

-0,0056 

•0,0056 

-0.0056 

-0,0056 

•0.0056 

•0.0056 

•0,0056 

•0,0056 

»0«005b 

-0.0056 

M 

•0,0045 

.0,0045 

-0,0045 

-0,0045 

-0,0045 

-0,0045 

-0,0045 

-0,0045 

-0,0045 

•0,0045 

-0.0045 

-0,0045 

•0,0045 

-0.0045 

-0.0045 

1 4 

-0.0043 

-0,004 3 

-0,0043 

-0,0043 

-0.0043 

-0,0043 

•0,004 3 

-0.0043 

•0,0043 

-0.0043 

-0.0043 

•0,0043 

•0.0043 

-0.004 J 

-0.0043 

15 

-0,0041 

-(1,0041 

-0,0041 

-0,0041 

-0,0041 

-0,004) 

-0,0041 

•0,0041 

•0,0041 

•0.0041 

-0,0041 

•0,0041 

•0,0041 

-0.0041 

•0.0041 

16 

- 1' , 0 0 3 4 

-0,0034 

-0,0034 

-0,0034 

-0,0034 

-0,0034 

-0,0034 

-0.0034 

-0,0034 

•0.0034 

•0.0034 

•0.0034 

•0,0034 

•0.0034 

•0.0034 

17 

.0,0031 

-0,0031 

-0,0031 

-0,0031 

-0,0«3l 

•0,0031 

-0,0031 

-0.0031 

-0,0031 

•0,0031 

-0.0031 

•0,0031 

-0,0031 

-0.0031 

-0.0031 

Jfl 

•0,0032 

-0,0032 

-0,0032 

-0,0032 

-0,0032 

-0,0032 

-0,0032 

-0.0032 

-0,0032 

•0.0032 

-0.0032 

-0.0032 

•0.0032 

•0.0032 

-0.0032 

19 

•0,0033 

•0,0033 

-0.003 3 

-0,0033 

•0,0033 

-0,0033 

-0.0033 

-0,0033 

•0,0033 

•0,0033 

-0.0033 

-0.0033 

•0,0033 

•0.003i 

•0.0033 

20 

•0,0033 

•0,0033 

-0,0033 

-0.0033 

•0,0033 

-0,0033 

•0,0033 

-0.0033 

-0.0033 

•0.0033 

-0.0033 

•0,0033 

•0,0033 

-O.003J 

-0.0033 

21 

•0,0040 

•0,0040 

-0,0040 

-0,0040 

-0,0040 

-0,0040 

-0,0040 

•0,0040 

•0,0040 

-0 ,0040 

•0,0040 

•0,0040 

•0.0040 

•0.0040 

•0.0040 

22 

•0,0044 

-0,0044 

-0,004 4 

-0,0044 

-0,0044 

-0,0044 

-0,0044 

-0,0044 

•0,0044 

•0 .0044 

-0,0044 

•0,0044 

•0,0044 

•0.0044 

•0.0044 

23 

-0,00 30 

-fcl ,00 30 

-0,0030 

-0,0030 

-0,0030 

-0,0030 

-0,0030 

-0,0030 

•0,0030 

-0.0030 

-0,0030 

•0,0030 

•0,0030 

-0.0030 

-0.0030 


I 



4 


t 




Cn 




POHl 

NON-^)IP^MSInNAL 

ARM 

N -M 

H 

LB-FT 

H/Tn 

N 

1 

tB 

in 

1 

3 . 77 B 6 


• 0,000000 

• 0,000000 

-( 3. (908583 

-( 9,001930 

• 0,001651 

i 

b , 793 H 


• 0,000000 

• 0,000000 

• 0,011746 

• 0.002640 

- 0,003259 



• 0,000000 

- 0,000000 

- 0,000000 

- 0,017316 

- 0,(903893 

*01003330 

4 

?^ 1 . 16 R 5 

- 0,000000 

- 0,000000 

- 0,000000 

- 0, 022453 

• 0,005047 

« 0, 004318 

■» 

B 2,2799 

- 0,000000 

- 0,000000 

- 0,000000 

- 0,(926756 

- 0,006015 

* 0.005146 

6 

4 h ,9625 

- 0,000000 

- 0,000000 

• 0,000000 

- 0,030373 

• 0,006805 

* 0,005823 

7 

54 , 7 ) 6 « 

- 0,000000 

• 0,000000 

• 0,000000 

• 0,033444 

- 0,007518 

* 0,006433 

6 

84 , 1(^(16 

- 0,000000 

• 0,000000 

• 0,000000 

- 0,036160 

■ 0,008139 

* 0,006954 

9 

Hi 6 . hS 62 

• 0,000000 

• 0,000000 

• 0,000000 

- 0,038878 

• 0,008740 

* 0,007477 

tt ) 

131 . 602 R 

• 0,000000 

• 0,000000 

• 0,000000 

• 0,040985 

- 0,009214 

* 0,007883 

n 

154,4541 

• 0,000000 

• 0,000000 

• 0,000000 

- 0.043575 

• 0 , 0(99571 

* 0,008188 

17 

194,7593 

• 0,000000 

- 0.000000 

• 0,000000 

- 0,044957 

- 0,010106 

* 0,008646 

n 

7 bl , 8 l 8 n 

- 0,000000 

- 0,000000 

• 0,000000 

- 0.047649 

• 0,010711 

* 0.009164 

H 

5 (> 7 , 787 l 

- 0,000000 

• 0,000000 

• 0,000000 

• 0,049950 

- 0,011229 

* 0,009607 

15 

1 S 7 . 5 A 74 

- 0,000000 

- 0,000000 

- 0,000000 

- 0.053325 

• 0,011763 

* 0.010063 

lf » 

41 /,444 | 

- 0,000000 

- 0,000000 

- 0,000000 

• 0,054478 

• 0,012247 

* 0.010477 

17 

48 | , 912 ii 

- 0.000000 

- 0,000000 

- O , 0 ( tOO 0 O 

• 0,056553 

• 0,012713 

• 0 > 010 B 76 

IR 

Sbl ,0257 

- 0,000000 

- 0,000000 

- 0,000000 

•( 9,058906 

• 0,013342 

* 0.011339 

19 

595,5497 

- 0,000000 

- 0,000000 

- 0,000000 

- 0,060491 

- 0,013598 

* 0.011634 

7^ 

515 , 757 ? 

- 0,000000 

- 0,000000 

• 0,000000 

-( 9,061 143 

• 19,01 3745 

• 0.011759 

71 

534,7631 

- 0,000000 

- 0,000000 

• 0,000000 

• 0.061934 

• 0,013923 

* 0.011911 

77 

653,5519 

- 0,000000 

- 0,000000 

- 0,000000 

• 0,062834 

- 0,014123 

• 0.012083 

23 

573,1285 

- 0,000000 

- 0,000000 

- 0,000000 

- 0,063439 

•(>.014261 

• 0.012201 



00 


SET NUHHtP B 


INCH NOMINAL UIAMETLH NOZZLE - FlATPLAlt 


SOUAHE END PLtKJ OCT 77 

P plug depth b ,000 EFEBCTTVE JET DIAHETEP a 0.E6 CENlEpPOU* UIAMlTtH a V,lb 

jet flow PATE b 1,B16 CHM ( 64,13 CfH ) FREE STREAM VELOCITX a 0,0 M/5 ( 0f0 t/S J 

JET FHECTIVF velocity b 139,2 M/S ( 456, B F/S ) JET EFFECTIVE THPUST s 4.916 N (l,I05i LH ) 


NON-DIMENSIONALIZFD PBFSSOPES 
ANGLE (DEGREES) 


PORT 

0 

10 

20 

30 

45 

60 

75 

90 

105 

120 

135 

150 

160 

1 70 

180 

1 

• 0.0713 

- 0.0713 

- 0,0713 

- 0,0713 

• 0,0713 

• 0.0713 

- 0,0713 

- 0,0713 

- 0,0713 

- 0.0713 

- 0,0713 

- 0,0713 

- 0,0713 

- 0 , 071 J 

- 0 . O7U 

2 

. 0,0630 

- 0,0630 

- 0,0630 

- 0,0630 

• 0,0630 

• 0,0630 

- 0,0630 

- 0,0630 

- 0,0630 

• 0,0630 

- 0,0630 

- 0,0630 

- 0,0630 

- 0,06 JO 

- 0.0630 

3 

. 0,0512 

- 0,0512 

- 0,0512 

- 0,0512 

• 0,0512 

- 0,0517 

- 0,0512 

• 0.0512 

- 0.0512 

• 0,0512 

- 0,0512 

- 0,0512 

- 0,0517 

- 0,0512 

- 0.0512 

4 

. 0,0797 

. 0,0297 

- 0,0297 

- 0,0297 

• 0,0297 

- 0.0297 

- 0,0297 

• 0,0297 

- 0.0297 

- 0,0297 

• 0,0297 

- 0,0297 

- 0,0297 

. 0,0297 

- 0.0297 

5 

. 0,0201 

- 0,0701 

- 0,0701 

- 0,0701 

• 0 , 02«1 

- 0.0201 

- 0,0201 

• 0.0201 

- 0,0201 

• 0,0201 

- 0,0201 

• 0,0201 

- 0 , 07ei 

- 0,0701 

- 0,0201 

6 

. 0,0147 

. 0,0147 

- 0,0147 

- 0,0147 

• 0,0147 

- 0,0147 

. 0,0147 

• 0,0147 

- 0,0147 

- 0,0147 

- 0,0147 

- 0,0147 

• 0,0147 

- 0,0147 

- 0,0147 

7 

• 0*0117 

- 0,0117 

- 0,0117 

- 0,0117 

- 0,0117 

- 0,0117 

- 0,0117 

- 0,0117 

- 0,0117 

- 0,0117 

• 0.0117 

• 0,0117 

- 0,0117 

- 0,0117 

- 0,0117 

B 

. 0 , 00B7 

. 0,0007 

. 0,0087 

- 0,0087 

- 0,0087 

• 0,0087 

• 0,0087 

• 0,0087 

- 0,0087 

• 0,0087 

• 0,0087 

• 0,0087 

• 0,0087 

- 0,0087 

- 0,0087 

<9 

• 0 , 0 « 6 ** 

• 0,0069 

- 0,0069 

- 0,0069 

• 0,0069 

• 0,0069 

- 0,0069 

- 0,0069 

• 0,0069 

• 0,0069 

- 0,0069 

- 0,0069 

- 0,0069 

- 0,0069 

- 0,0069 


• 0,0059 

• 0,0059 

- 0,0059 

- 0,0059 

- 0,0059 

- 0,0059 

• 0,0059 

• 0,0059 

- 0,0059 

- e , O059 

• 0,0059 

- 0,0059 

- 0,0059 

• 0,0059 

- 0,0059 

n 

. 0,0050 

- 0,0050 

- 0,0050 

- 0,0050 

- 0,0050 

• 0,0050 

• 0,0050 

• 0,0050 

- 0,0050 

• 0,0050 

• 0,0050 

• 0,0050 

• 0,0050 

• 0,0050 

- 0,0050 

12 

. 0 , 003H 

• 0,0038 

- 0,0038 

- 0,0038 

• 0,0038 

• 0,0038 

• 0,0030 

- 0,0038 

- 0,0038 

- 0.0038 

- 0.0038 

• O , 0O3B 

• 0,0038 

- 0,0038 

- 0,0038 

13 

. 0,0034 

. 0,0034 

- 0,0034 

- 0,0034 

• 0,0034 

- 0,0034 

- 0,0034 

- 0,0034 

• 0,0034 

• 0,0034 

• 0,0034 

• 0 , 00 3 4 

- 0,0034 

- 0,0034 

- 0,0034 

14 

- 0.0032 

. 0,0037 

- 0.0037 

- 0,0032 

• 0,0037 

• 0,0037 

- 0,0032 

- 0,0032 

- 0.0032 

• 0,0037 

- 0,0032 

- 0.0032 

• 0,0032 

- 0,0032 

- 0,0032 

15 

. 0,0026 

. 0,0026 

- 0,0026 

- 0,0026 

- 0,0026 

- 0.0026 

• 0 ,0026 

- 0,0026 

- 0,0026 

• 0,0026 

- 0,0026 

- 0,0026 

- 0,0026 

- 0,0026 

• 0,0026 


• 0,0029 

• 0,0079 

- 0,0079 

- 0,0029 

• 0,0029 

• 0,0079 

- 0,0029 

- 0,0029 

- 0 , 0O?9 

• 0,0029 

- 0,0029 

- 0.0029 

- 0,0029 

- 0,0029 

- 0,0029 

17 

. 0,0071 

• 0,0021 

- 0,0021 

- 0,0021 

- 0,0021 

- 0,0021 

- 0,0021 

- 0,0021 

- 0,0021 

- 0,0021 

• 0,0021 

- 0,0021 

- 0,0021 

- 0,0021 

- 0,0021 

1 B 

• 0 , 001 B 

• 0 , 001 P 

- 0,0018 

- 0,0018 

• 0,0018 

- 0.0018 

- 0 , 001 B 

- 0,0018 

- 0,0018 

- 0.0018 

- 0,0019 

- 0,0018 

- 0,0018 

- 0,0018 

- 0,0018 

19 

. 0,001 1 

• 0,001 1 

- 0,0011 

- 0,0011 

- 0,001 1 

- 0,0011 

- 0,0011 

- 0.0011 

- 0,001 1 

- 0,0011 

- 0,0011 

• 0,0011 

- 0,0011 

• 0.001 1 

- 0,0011 

2P 

. 0,0013 

- 0,0013 

- 0,0013 

. 0,0013 

- 0,0013 

- 0,0013 

- 0,0013 

- 0,0013 

- 0,0013 

- 0,0013 

- 0,0013 

- 0,0013 

- 0,0013 

- 0,0013 

- 0,0013 

21 

. 0,0009 

. 0,0009 

- 0.0009 

- 0,0009 

- 0,0009 

- 0,0000 

- 0,0009 

- 0,0009 

- 0,0009 

- 0,0009 

- 0,0009 

- 0,0009 

- 0,0009 

• 0,0009 

- 0,0009 

27 

. 0,001 1 

• 0,001 1 

- 0.0011 

- 0,0011 

- 0,001 1 

- 0,001 1 

- 0,0011 

- 0,0011 

- 0,001 1 

- 0,0011 

- 0,001 1 

- 0.0011 

- 0,0011 

- 0,001 1 

- 0,0011 

73 

. 0,0014 

- 0,0014 

- 0 , 001 4 

- 0,0014 

• 0.0014 

- 0,0014 

- 0,0014 

- 0 , 00 1 4 

- 0,0014 

- 0,0014 

- 0,0014 

- 0,0014 

- 0,0014 

- 0,0014 

- 0,0014 



ropi 

NON^niHFNSlONftL 

APEA 

N -M 

H 

LB - r ? 

M/TD 

N 

L 

IB 

L/X 

1 

3 , 761 ^ 

• 0,000000 

• 0,000000 

• 0.000000 


- 0 , e00638 

• 0,000577 

2 

5,7722 

• 0,000000 

• 0,000000 

• 0,000000 

- 0,(4041 /4 

• 0,000938 

• O . OO0R49 

3 

l « 1 , 64B0 

• 0.000000 

• 0,000000 

• 0,000000 

- 0,006816 

- 0.001532 

- 0,001386 

4 

20.1129 

• 0,000000 

• 0,000000 

• 0,000000 

- 0 , 00<)792 

- 0,002201 

• 0,001992 

S 

32.1597 

• 0.000000 

• 0.000000 

• 0,000000 

• 0 , 012)53 

• 0,002777 

- 0,002513 

6 

46 . 7P67 

• 0,000000 

• 0,000000 

• 0,000000 

• 0,014632 

• 0,003289 

- 0,002976 

7 

f » 3,9957 

• 0,000000 
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